cele cohort, correlate these findings to lesion level, and investigate mortality evolution.
Methods study Population
We performed a population-based cohort study using follow-up data from nationwide Danish registers on all patients registered in the western Denmark myelomeningocele database. This database has collected information on all patients undergoing a surgical procedure or those hospitalized for myelomeningocele in the Department of Neurosurgery at Aarhus University Hospital, Denmark, since January 1, 1970 . The treatment of myelomeningocele in western Denmark, which is a well-defined geographical area with approximately 2.0 million inhabitants (as of 1995; https://www.dst.dk/en), is exclusively performed at Aarhus University Hospital. All infants born with this malformation within western Denmark are therefore brought to the Department of Neurosurgery at Aarhus University Hospital and registered in the database. Among the data incorporated in the database are date of first myelomeningocele-related contact with the hospital and lesion level, as extracted from medical records by a specialist consultant. The patients were categorized into 1 of 4 categories according to their most rostral lesion level: cervical, thoracic, lumbar, and sacral. Prior to initiation of the study the Danish Health and Medicines Authority and the Danish Data Protection Agency gave permission to collect the required data.
By means of the unique personal identification number that has been assigned to all Danish citizens at birth or immigration since 1968 and contains essential information on sex and birth date, data from the western Denmark myelomeningocele database was linked on an individual level to vital status as registered in the Danish Civil Registration System (https://cpr.dk) as well as causes of death as registered in the Danish Register of Causes of Death. 7 
Data Collection and analysis
We estimated hazard ratios (HRs) for the association between mortality and lesion level, year of birth, and sex, using Cox regression with age as the underlying timeline. Follow-up ended on the day of death or the end of the study period (November 9, 2015), whichever came first. The proportionality assumption was assessed graphically and by the introduction of an interaction term between time and the studied variables. The trend over time for mortality was estimated using time as a continuous variable and decade of birth as the scale unit. Because the cohort was well balanced with respect to the studied characteristics, we chose not to compromise power and validity of the statistical analyses by the introduction of mutual corrections.
Additionally, mortality was presented graphically by Kaplan-Meier survival curves. For presentation of the trend over time, patients were initially divided into 4 categories according to date of birth: 1970-1979, 1980-1989, 1990-1999, and 2000-2015 . However, as the total risk time in the latter group was fairly small, a post hoc decision was made to collapse the 1990-1999 and 2000-2015 categories, as this provided an overview without obscuring important data points. For reference, we added curves depicting the general survival in the Danish population, estimated from publicly accessible data from Statistics Denmark (https://www.dst.dk/en). In a supplementary analysis, we studied mortality and lesion levels for the patients born after the advent of prenatal detection in Denmark (January 1, 2004 ). Stata statistical software (version 12, StataCorp LP) was used to analyze the data. A p value < 0.05 was considered statistically significant.
results

Patient Demographics
The western Denmark myelomeningocele database comprised a total of 203 patients. Sixteen were excluded due to unknown mortality data (n = 7) or incomplete clinical data (n = 9), which left a cohort of 187 participants.
Two participants (1%) were born with a cervical lesion, 16 (9%) with a thoracic lesion, 156 (83%) with a lumbar lesion, and 13 (7%) with a sacral lesion ( Table 1) . Fiftyeight patients (31%) were born between January 1, 1970, and December 31, 1979: 1 (2%) was born with a cervical lesion, 6 (10%) with a thoracic lesion, 51 (88%) with a lumbar lesion, and 0 with a sacral lesion.
Thirty-nine patients (21%) were born between January 1, 1980, and December 31, 1989: 0 were born with a cervical lesion, 3 (8%) with a thoracic lesion, 34 (87%) with a lumbar lesion, and 2 (5%) with a sacral lesion. Ninety patients (48%) were born between January 1, 1990, and November 9, 2015: 1 (1%) was born with a cervical lesion, 7 (8%) with a thoracic lesion, 71 (79%) with a lumbar lesion, and 11 (12%) with a sacral lesion. Of the patients excluded from this study (n = 16), 14 were born between January 1, 1970, and December 31, 1979, and 2 between January 1, 1990, and November 9, 2015.
Mortality of entire Population
Seven percent of all patients died in their first year of life, and 1% died between 1 and 5 years of age. The highest mortality rate of the population occurred in the first 3 months after birth, in which 30% of all deaths occurred, equal to 4% of the entire population. Pneumonia accounted for 4 deaths; meningitis, peritonitis, pyelonephritis, and sepsis for 2 deaths each; and epilepsy, malignant melanoma, respiratory failure, birth complication, and viral infection for 1 death each. The remaining patients (n = 10) had unknown causes of death, accounting for 37% of all death occurrences. Sex was not a mortality-associated prognostic factor (HR 0.9, 95% confidence interval [CI] 0.4-1.9) for males as compared with females (p = 0.73).
lesion level
Survival was significantly correlated with lesion level (Fig. 1) . As compared to patients with a lumbar lesion, who represented the vast majority of the cohort, patients with a thoracic lesion had a significantly poorer prognosis (HR 3.4, 95% CI 1.4-8.5; p = 0.01), while for patients with a sacral lesion the observed mortality rate was slightly lower (HR 0.8), although sample sizes were too small to allow precise quantification in this matter. Both patients with a cervical lesion survived.
time Periods
The patient mortality rate appeared to decrease over time (Fig. 2) , and the Cox regression estimated a borderline significant time trend per time period (HR 0.7, 95% CI 0.5-1.0; p = 0.05), corresponding to a more than 80% reduction of mortality from the start to the end of the study period. Over this time span, a reduction of the mortality rate in the background population was observed as well, but on a far more modest level (Fig. 2) .
Consequences of Prenatal Detection through high-Quality Ultrasonography
From January 1, 2004, until the present, 2 of 23 patients with myelomeningocele died, resulting in a mortality rate of 9%, compared with 10% in the total patient cohort at a matching age level. The distribution of lesion level after the introduction of prenatal detection was 1 (4%) with a cervical lesion, 4 (17%) with a thoracic lesion, 13 (57%) with a lumbar lesion, and 5 (22%) with a sacral lesion. Due to the very low number of deaths (n = 2), a comparative statistical evaluation was not performed and descriptive data are presented instead.
Discussion
In this study, we observed that patients born with myelomeningocele have increased survival the later the year of birth. A major predictor for survival is level of the lesion, and death is predominant in infancy.
Population-based Data
This study has 3 major advantages. The first advantage of this study is that it is population based. All patients undergoing surgery for myelomeningocele in western Denmark have been admitted to our neurosurgical department. In Denmark, socialized medicine is the dominant health care provided and encompasses all care for specialized conditions such as myelomeningocele. Therefore, it is safe to assume that all patients undergoing surgery for myelomeningocele in western Denmark since January 1, 1970, have been registered in our database. Second, the database only consists of patients born with myelomeningocele, producing data separate from other kinds of spina bifida. Third, when a patient dies, it is registered in our electronic chart through the Danish Civil Registration System, which makes our data reliable.
Mortality
Patients born with cervical myelomeningocele lesions have been reported to have better outcomes than those with more caudal lesions. 6, 8, 13 In the literature, we found 29 cases reported with cervical lesions. None of these patients were reported as deceased. Furthermore, these reports noted that all patients achieved ambulation and urinary continence. 6, 8 These findings are consistent with our findings, in which both patients with cervical lesions survived to the end of the study.
Disregarding the cervical group, the trend appears to be that ascending lesion level correlates with higher probability of death. One study found the same correlation between patient mortality and ascending sensory level. 12 The same study reported a higher mortality rate than the one found in this study. This difference may be explained by differences in population composition, as the compared study population was born between 1963 and 1971. Furthermore, they found no difference in mortality rate between the sexes, consistent with our findings.
Our finding of decreased mortality through the decades is supported by a study reporting a higher mortality rate in patients born with myelomeningocele before the year of 1975. 4 This suggests that modern treatment modalities have improved survival in patients born with myelomeningocele. Previous studies have found the highest mortality rates in the first 5 years of life. 11, 12, 16 This is consistent with our population-based findings, even in the 21st century. The median age at death for the entire population was 1 year of age. The highest mortality rate was found in the first 3 months of life, accounting for 30% of all deceased patients.
The causes of death reported in this study do not form a coherent group. For the majority of patients who died, various infections appear to be the cause of death. However, 37% were unknown, which diminishes the value of an overall conclusion. This incoherence in the cause of death, and lack of complete data, appears to be the case for other studies 14, 16 and may highlight the difficulties of gathering historical mortality data. One study found CNS infections to be the leading cause of death, followed by cardiopulmonary arrest. 9 Another study reported cardiorespiratory and renal causes as the most substantial causes of death.
11
Since the introduction of prenatal detection, the incidence of myelomeningocele has decreased. 3 Interestingly, it does not appear to change the mortality rate or the distribution of lesion levels of live-born patients with myelomeningocele. However, one has to consider the fairly small number of patients born from the year of 2004 forward (n = 23) and, in a mortality analysis perspective, a short-term follow-up of only 12 years.
Data Quality
Sixteen patients had to be excluded from the study. Fourteen of these patients were born between January 1, 1970, and December 31, 1979, which is 19% of all patients born in that decade, accounting for a potential bias. The reason for the missing data is likely to be due to death because registration cannot be found. This could lead to an even higher true mortality rate of this age group.
Conclusions
This population-based study of patients with myelomeningocele showed increased mortality rates with ascending level of the lesion in the sacral, lumbar, and thoracic regions, respectively. However, this trend does not appear to continue to involve cervical lesions. Furthermore, the mortality rate appears to decrease over time. These findings emphasize that increasing disability expressed as lesion level is a predictor for decreasing survival. Our data also suggest that modern health care development could have an impact on survival for patients with myelomeningocele. 
